Abstract: Natural areas within cities are important as they contribute to maintain biodiversity and the functioning of ecosystems. In Ceará state, inventories of birds in human-impacted areas are still scarce. Here, we inventory bird species and estimate the species richness at Parque Ecológico Lagoa da Fazenda, an urban park in the municipality of Sobral, in northeastern Brazil. We found 82 bird species, of which 16 breed in the area, three are endemics, and three others are introduced. Despite the moderate species richness detected, richness estimators revealed that sampling was sufficient to detect most species. To maintain or even increase local species richness, we suggest the cessation of urban expansion within the park, sewage dumping, and filling of the wetland, as well as further planting of native vegetation.
INTRODUCTION
Among the main threats to the bird diversity in Brazil are overhunting, introduced species, pollution and, remarkably, habitats loss and fragmentation (Marini & Garcia 2005) , which are especially important in densely populated areas around cities. Along with decreases in biodiversity due to urban expansion, several ecosystem services can also be affected, such as pollination and diseases control, which ultimately decreases quality of life for humans (Lobada & De Angelis 2005) . An alternative scenario is the maintenance of natural areas within urban matrices in order to harbor biodiversity and provide several direct benefits, such as water drainage, control of air and noise pollution, and recreational areas (Matsumoto et al. 2012) . These benefits are even more remarkable when wetlands are associated to urban natural areas in arid regions as such aquatic ecosystems present high primary productivity and often high vegetation heterogeneity (Keddy 2000) and therefore increase bird diversity, for instance (Branco 2007) .
In South America, one of the most arid biogeographic provinces is the Caatinga, which covers 844,453 km 2 in northeastern Brazil (IBGE 2004) . In this region, annual rainfall is typically lowand seasonal, with evapotranspiration rates usually overcoming precipitation and, hence, promoting water deficit. Vegetation is xerophytic, with short, spiny, and leafless trees or treelets dominant (Caatinga strictu sensu), although scarce forest patches can be found in some humid areas of hills (Prado 2003) . Caatinga also presents endemic fauna adapted to the scarcity of water. Among the birds, 510 species are present if all phytophysiognomies are considered (Silva et al. 2003) , and of these species, 348 can be found within Caatinga strictu sensu (Pacheco 2004) ; 23 of them are restricted or nearly exclusive to Caatinga (Olmos et al. 2005) .
Despite of the high bird diversity in the Caatinga and their role to the functioning of the ecosystem by acting, for example, on pollination, seed dispersal, and pest control, at least 20 species are under risk of extinction (MMA 2002) . The fact that only less than 2% of Caatinga is under integral protection worsens this scenario (Maciel 2010) . In this sense, providing species inventories is an important step towards a better understanding of the regional distributions of species, and these data may be valuable to drive conservation efforts. Even though the state of Ceará has been explored by ornithologists for many years (see Pacheco 2004) , systematic bird inventories are still scarce and focused mainly on highland areas (Nascimento 2000; Nascimento et al. 2000; Farias et al. 2005; Nascimento et al. 2005; Albano and Girão 2008) and arboreal Caatinga (i.e., 'Caatinga arbórea e arbustiva'; Olmos et al. 2005) . Notably, avifaunas from anthropic areas have been poorly studied in Ceará state to date, which limits the understanding on how urbanization influences the regional bird diversity.
In this context, we provide an inventory of the avifauna of Parque Ecológico Lagoa da Fazenda, a suburban park adjacent to Sobral city, and estimate the species richness. In addition, we report evidences of breeding, and identify the endemic Caatinga species occurring in the park. Finally, we discuss the potential effects of urbanization on the local avifauna and suggest management strategies to maintain, or even increase, the local bird diversity.
MATERIAL AND METHODS

Study area
Data were collected at Parque Ecológico Lagoa da Fazenda (PELF; 03°40ʹ52ʺ S, 40°20ʹ39ʺ W; 70 m above sea level), in the municipality of Sobral, Ceará state (Figure 1 ). This park was implemented in 1991 (decree 21.303) and covers around of 19 ha (Ceará 1991). Regional climate presents mean annual temperature around 28°C and annual precipitation lower than 750 mm, which is restricted to few months per year. The vegetation of the region is composed by open and bushy caatingas ('Caatinga Arbustiva Aberta'), forest with Carnauba Wax Palm ('Floresta Mista Dicotilo-Palmácea) , deciduous forest with spiny species ('Floresta Caducifólia Espinhosa') and, at higher altitudes, tropical semideciduous forest ('Floresta Subcaducifólia Tropical Pluvial') (IPECE 2013; Nimer 1972) . The hydrographic system encompasses three rivers (Acaraú, Aracatiaçu and Jaibaras) that, along with 'Serra da Meruoca' range, influence the local climate (Lima & Assis 2005) .
PELF encompasses a central lake surrounded by emergent or floating macrophytic vegetation. Drier terrains are covered by sparse, mostly exotic trees and treelets species, such as Pithecellobium dulce (Roxb.) Benth., but native species are also present such as Copernicia prunifera (Miller) H. E. Moore) and Mimosa tenuiflora (Willd.) Poir. Historically, the PELF has been widely used for recreational purposes but these activities have decreased due to sewage disposal into the lake (Aguiar Júnior 2005).
Data collection and analysis
Data collection was from May 2014 to April 2015 within seven circular plots each with a radius of 35 m and placed at least 70 m apart (Figure 2 ). Each plot was sampled twice a month for 15 minutes, starting around 6:30 h, and totaling 42 h of observations. During each 15-minute sampling period, all bird species were identified and the number of individuals was counted. Binocular and photographic cameras (30 × zoom) were used to record birds and specialized field guides were used for species identification (Gwynne et al. 2003; Corbo et al. 2013; Sigrist 2013 Point counts were distributed in order to cover all the representative environments within the PELF (Figures  1 and 2 ): Point 1 is covered mostly by tall aquatic grasses which are occasionally removed to feed cattle; Point 2 borders a little lake surrounded by tall aquatic grasses; Point 3 covers the interface between a flooded area covered by grasses and a drier terrain with scattered trees; Point 4 borders the main lake which is often covered by dense patches of the floating macrophyte Eichhornia crassipes (Mart.) Solms, which changes its location within the lake according to the wind direction. The water level is seasonally variable in both lakes (Points 2 and 4) but neither lake was observed totally dry; Point 5 is a drier terrain covered by scarce short grasses and planted exotic trees such as P. dulce, Azadirachta indica A. Juss., and Libidibia ferrea (Mart. ExTul.) L.P.Queiroz; Point 6 presents a patch of Cocos nucifera L. which were planted along the shore of the larger lake where E. crassipes and Ludwigia octovalvis (Jacq.) P.H.Raven treelets occur; Point 7 is seasonally flooded and presents scattered individuals of Mimosa tenuiflora, C. prunifera, and P. dulce.
Species richness was estimated by Chao 1 and Jackknife 1 (Magurran 2004 ) using the EstimateS 9.1.0 software (Colwell 2011). We defined sampling as the list of species and their abundances at all seven points summed per sampling day, so that a month had two samples. Species recorded outside the sampling intervals were added to the inventory, but were not considered for the richness estimation. To check sampling sufficiency, we plotted accumulated species richness and mean estimated richness by both metrics along the gradient of sampling accumulation ( Figure 3) .
Evidences of breeding were collected from January 2014 to April 2015. As evidence, we considered active nests (or those under construction), nestlings, or fledglings (i.e., individuals with low dispersal ability), and/or adults carrying feeding items. Endangered species were classified according Birdlife International (2015) and Caatinga endemics, according Olmos et al. (2005) .
RESULTS
We recorded 82 species at the Parque Ecológico Lagoa da Fazenda, of which 69 (84.0% of the total) species were documented by photographs or voice recordings (Table  1) . Dendrocygna viduata, Nomonyx dominica, Tyto furcata, Aramides cajaneus, and Sturnella superciliaris were only observed outside the sampling period. The most speciesrich families were Tyrannidae (10 species) and Thraupidae, Ardeidae and Rallidae (seven species each). Species richness at PELF was estimated between 88.14 ± 8.23 (Chao1) and 94.25 ± 3.97 species (Jackknife 1). None of the species is currently classified as globally endangered. Three species are endemic to the Caatinga: Pseudoseisura cristata, Agelaioides fringillarius, and Paroaria dominicana. Three species are introduced: Passer domesticus, Estrilda astrild, and Columba livia.
Evidence for breeding was found for 16 species (19.5% of the total; Table 2 ). Curiously, Certhiaxis cinnamomeus and Pseudoseisura cristata used plastic materials to build their nests ( Figure 4A , B). Remarkably, a nest of Porzana flaviventer was found in January 2014 containing five cream-colored eggs ( Figure 4C, D) .
Below, we list characteristics used to identify species that are either rare to Ceará or potentially confused with similar species:
• Porzana flaviventer: black bill; brown iris; pale yellow legs; yellowish throat and breast; body sides black and white stripes; black crown; marked upper ocular.
• Pardirallus maculatus: long yellow-greenish bill with a red spot in the basis; reddish legs; red iris; black and white spots or stripes in the neck, breast and belly; black and brownish spots in the back with greenish bright.
• Laterallus melanophaius: dark bill with greenish in the inner basis; dark olive legs; brownish upperparts; ferruginous face and neck-sides; white throat, breast and abdomen; back and white barring on the flanks.
• Laterallus exilis: black bill with greenish in the inner basis; light grey face sides, neck and breast; whitebarrred belly; notable ferrugineus nape and upper neck.
• Ixobrychus exilis: straight long yellow bill; blackish cape (male); pale tawny-chestnut face and neck-sides; white throat; light brownish neck with white vertical stripes; light brownish underparts and legs; black back.
• Botaurus pinnatus: straight long yellowish bill; white throat; pale yellow and black barred head and neck, turning into thicker irregular bars on the wings and back.
• Polytmus guainumbi: long black bill, slightly decurved (reddish upper mandible in males); golden brighten green body; white upper ocular stripe; black ocular stripe; whitish belly.
• Nomonyx dominica: male: blue bill with black tip; black face; white periocular ring; dark brown body with black spots; female: plumbeous bill; greyish body with irregular small black dots in the breast; two black stripes in the face with light brown background.
• Ardea alba: long straight yellow bill; yellow iris; black legs and feet; entirely white body; bigger than any other white heron.
• Aramides cajaneus: yellow bill with a greenish tip; red iris; yellow legs; entirely grey head and neck; rufous breast and belly; brown back and short darker tail.
• Tringa solitaria: long straight yellow bills with black tip; Figure 3 . Observed species accumulation curve (square) and estimated by Chao 1 (triangles) and Jackknife 1 (dots) for 28 samples. 
Troglodytidae
Troglodytes musculus
Adults carrying food items Mar 1 * Number of independent observations of breeding evidence yellowish legs; white ocular ring; grey upperparts with pale spots; head and breast finely streaked dark brown; white breast and belly.
DISCUSSION
Our findings reveal that PELF harbors moderate species richness. Even though some additional species are expected, both richness estimators indicate that our sampling was sufficient to detect most species occurring in the area (Figure 3 ). The assemblage encompasses mostly aquatic birds, such as those belonging to families Rallidae, Ardeidae, and Scolopacidae. Several species breed in the area and endemic species are also present, but endangered species were absent. Species richness at PELF can be considered intermediate to other bird inventories from northeastern Brazil, which reported about 130 species for other areas of Caatinga strictu sensu (Nascimento 2000; Roos et al. 2006; Farias 2007 Farias , 2009 Farias et al. 2010; Pereira & Azevedo Júnior 2011) . However, direct comparisons among studies should be carefully considered due to environmental and sampling differences, such as the size of the sampled area, time span, methods and effort (Vizentin-Bugoni et al. 2015) . When similar but non-urbanized areas such as other wetlands in Caatinga region are considered, similar richness are reported: 90 species for three vernal pools in Rio Grande do Norte state (Pereira 2010) In addition, the removal of the exotic Azadirachta indica should be considered, as this species is invasive and outcompetes the native flora (Moro et al. 2013 (Moro et al. , 2014 and indirectly may affect the avifauna.
In summary, we found that the Parque Ecológico Lagoa da Fazenda harbours considerable avifauna encompassing endemic, long-distance migratory, and several aquatic species. Despite the anthropogenic disturbances, which arguably have affected composition of the avifauna, the park is still used as breeding site for several species. Finally, we hope that our recommendations can guide further management plans aimed at maintaining or even increasing the avifauna of this park, which should contribute to bird conservation locally.
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The effects of anthropogenic disturbances are apparent in several features of the PELF bird assemblage. For example, the lack of globally endangered species at PELF is likely a consequence of local extinction, which could be indicative of the increasing urban expansion, sewage dumping, and vegetation removal on the avifauna of the park. Anthropic influences may also explain the presence of three exotic species which are typically associated with urban areas. Interestingly, the ability of some species to tolerate anthropic disturbances reflects also in their behavior; for instance, Certhiaxis cinnamomeus and Pseudoseisura cristata incorporated artificial material on their nest structures ( Figure 4A, B, respectively) .
Despite of the depauperate bird assemblage, the PELF harbors several aquatic and endemic species, and also includes Sicalis flaveola and Paroaria dominicana (endemic), which are widely caught for the illegal cage-bird market in northeastern Brazil (Fernandes-Ferreira et al. 2012; Pereira & Brito 2005) . Additionally, the PELF harbors long-distance migrant species, such as Tringa solitaria and Tringa flavipes, which are dependent on wetlands for stopovers along their migratory routes (Silva et al. 2003) . The park is also a breeding site for Porzana flaviventer, a widely distributed but rare species, with a poorly understood life history (Taylor & De Juana 2013; Souza 2008) . Its eggs were found in a nest on flooded ground, built with the leaves of surrounding vegetation ( Figure  4C , D) and similar to an earlier description (Vilella et al. 2011) . Altogether, we suggest that the PELF is regionally important for these birds.
Our findings are relevant to planning management strategies to maintain the local bird diversity. Among the measures that could maintain or even increase the bird species richness at PELF, the most urgent is the cessation of filling of the natural areas and the dumping of sewage in the lakes. Because waste water is usually nutrientrich, it promotes eutrophication, leading to wetland loss and, therefore, affecting drastically the associated biodiversity (Keddy 2000) . To increase species richness, we recommend the planting of native vegetation, such
